Aqua feeds should be formulated to provide complete and balanced nutrition to achieve optimal health and growth in fish, including adequate levels of essential amino acids (EAA). There are few or no data relating to the EAA requirements for ornamental fish species, with the majority of quantitative data for these nutrients being available for commercially farmed fish. The determination of EAA requirements is usually established through dose -response studies, which can be costly and time consuming, especially if determining the requirement for many amino acids (AA). An alternative method for predicting the EAA of fish, which is also relatively fast and inexpensive, is the assessment of whole-body AA composition. A total of eight goldfish with a mean wet weight of 34·2 (SEM 1·4) g were obtained as a result of a routine cull by breeders. The fish were freeze-dried and AA was content analysed by hydrolysis or performic 'acid' oxidation. EAA values ranged between 0·97 (SEM 0·02) for tryptophan and 7·9 (SEM 0·14) for lysine (g/100 g AA). Compositional data were also used to estimate the essential amino acid ratios of these fish. The findings are in agreement with those for juvenile common goldfish, suggesting that there are no differences in whole-body AA composition between juvenile and adult, or fancy and common goldfish. However, these indices do not provide a quantitative total amount of each AA required by the fish, but can be used proportionally to provide guidelines to formulate diets for ornamental species.
The largest and potentially most expensive component of a feed formulation for fish is protein, which needs to provide sufficient levels of the ten essential amino acids (EAA) to meet their requirements. The requirement for arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine has been demonstrated in all fish species examined to date (1) . In effect, the EAA dietary profile should reflect the requirement profile. The most common method for quantifying dietary EAA requirements is the production of a dose -response curve using experimental diets with graded inclusion levels of the amino acids (AA) in question, and measuring weight gain as the response (2) . This method has been used to quantitatively establish EAA for a selection of commercially cultured fish, including tilapia, salmon, milkfish, common carp and channel catfish (1) . However, this method is both time consuming and costly, and can cause discrepancies as fish fed diets utilising casein as the protein source supplemented with free AA have shown lower growth rates when compared with fish fed diets with similar EAA profiles, based on a fishmeal protein source. In the last couple of decades, the measurement of whole-body EAA has been used to estimate dietary EAA requirements (3) .
This method, being an inexpensive fast alternative to doseresponse studies, has been recommended for fish species whose EAA requirements have not yet been determined (4) .
Consequently, EAA data have now been quantified for fish species such as European seabass, gilthead seabream, turbot, Atlantic halibut, flounder, sturgeon, Arctic charr and yellow perch (5 -9) . Still, data for ornamental fish are limited and restricted to a few species, namely discus and black-finned pacu (10, 11) .
Fancy goldfish have been selectively bred for centuries to enhance such traits as finnage, eye shape and position, body colouration, scalation and body shape. Although all derived from the same species (Carassius auratus), there is presently a vast range of expressed phenotypes. Standard fusiformshaped goldfish are used as baitfish in the USA, and the whole-body AA composition of juvenile (2·2-5·0 g) goldfish has been established (12) . The aim of the present study was to determine the whole-body AA composition of adult fancy ranchu goldfish for comparative assessment with closely related species.
Materials and methods
The study was reviewed and approved by the WALTHAM w (Leicestershire, UK) Ethics Review Committee. A total of eight adult, male fancy ranchu goldfish, aged 6 months, with a mean weight of 34·3 (SEM 1·4) g obtained as a result of routine culls by breeders, were used to assess whole-body AA composition. Individual fish were used for AA analysis (n 8). The fish were freeze-dried whole with the gastrointestinal tract intact using an Edwards moduylo freeze drier (Edwards High Vacuum International, West Sussex, UK) and ground using a small coffee grinder before AA analysis. Alanine, arginine, aspartic acid, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, phenylalanine, proline, serine, threonine, tyrosine and valine were analysed by acid hydrolysis followed by ion exchange chromatography using ninhydrin derivatisation. Cysteine and methionine were analysed by performic oxidation followed by ion exchange chromatography using ninhydrin derivatisation, and tryptophan by alkaline hydrolysis followed by HPLC (AOAC methods) (13) . From the whole-body AA composition, essential amino acid ratios (A:E ratio) were calculated as follows:
A:E ratio ¼ ðessential AA content=total essential AA content including cysteine and tyrosineÞ £ 1000:
Results
The whole-body AA composition of adult fancy ranchu goldfish is presented in Table 1 . The A:E ratio for adult fancy ranchu goldfish derived from whole-body AA composition are presented in Table 2 , alongside previously published data for standard goldfish and carp. Generally, data appear to be similar between fish with only a couple of exceptions: the leucine A:E ratio for carp, which was considerably lower at 101, compared with 147 for goldfish and 151 for fancy goldfish. Additionally, there was also a discrepancy for both the phenylalanine and methionine A:E ratio, which were lower in fancy goldfish than the other two fish varieties.
Discussion
The whole-body AA values determined in the present study for adult fancy ranchu goldfish can be utilised to provide guidelines for formulating diets for this ornamental species, and are similar to those published for other fish species (10, 11, 12, 14) . This relationship between whole-body EAA and dietary requirement has been directly substantiated in several fish species, although it should be noted that these indices do not provide a quantitative total amount of each AA required by the fish. It should be considered that these fish did not have their gastrointestinal tracts removed before AA analysis; therefore, the absolute values for the whole-body profile may be slightly higher. However, these fish were relatively small and would have been fed as a group on the same diet before culling, so that any over-estimation will have been relative between the fish. The relationship between whole-body A:E ratio of adult fancy ranchu goldfish when compared with those for both carp and juvenile standard goldfish demonstrates only slight differences between these cyprinid fish, for methionine and phenylalanine. Underestimations for leucine have been observed when calculating dietary requirements of this AA against whole-body values for adult Arg  4·3  131  134  3  132  2  His  2·1  64  51  3  51  1  Ile  2·5  76  78  2  81  2  Leu  3·3  101  147  1  151  3  Lys  5·7  174  169  2  158  3  Met  3·1  95  81  2  56  1  Phe  6·5  104  142  5  87  2  Thr  3·9  119  92  1  90  2  Trp  0·8  24  19  1  19  0·4  Val  3·6  110  88  1  91  2 * Values from National Research Council, 1993. † (EAA/total EAA including cysteine and tyrosine) £ 1000. ‡ Values from Gatlin III, 1987 (12) .
carp (12) . Additionally, the arginine requirement of hybrid striped bass has been underestimated using whole-body EAA concentrations (15) , suggesting that is not uncommon for slight inconsistencies to exist between AA and fish species. Various proposals have been made as to the variation in AA requirements between species, including the relative proportions of muscle tissue, particularly during a growth phase, and the physiological status of the fish, availability of AA and endogenous turnover of EAA (16, 17) . Although the A:E ratio of EAA do not display variability when compared with the A:E ratio of the EAA requirements, implying that wholebody EAA determination may be more accurate than EEA determination through dietary methods (4) . The present study also demonstrates that when compared with other published data, age or size of fish does not influence the whole-body AA content or A:E ratio. This suggests that the dietary requirement for EAA's remains constant regardless of life stage, unlike protein level, which will vary. Such findings have also been established in other fish species such as the silver perch, channel catfish and common carp (16, 18, 19) . The fundamental nutrient requirements between standard goldfish and the many fancy goldfish varieties could be expected to be similar, as they have been selectively bred from the same species. Using data from this study in addition to others published for cyprinid fish, the production of the diets formulated to contain the protein with an optimal AA profile, would benefit the ornamental fish species. Particularly, as feeding excess levels of EAA can result in increased ammonia excretion and poor water quality (20) , which is of high importance in a closed aquarium system.
